Background and Purpose-We aimed to determine the incidence of co-occurring cerebral ischemia, extent of cerebral small vessel disease, and vascular risk profile of patients with acute retinal ischemia. 
I
schemic stroke is defined as impaired blood flow to the brain or the retina. 1 The arterial supply of the retina shares the final common path with a large part of the brain, that is, the vascular territory of the internal carotid artery (ICA). Magnetic resonance imaging (MRI) with diffusion-weighted imaging (DWI) has a high sensitivity in detecting acute ischemic lesions of the brain. DWI lesions can be found in a considerable number of patients with clinical course of transient ischemic attack, and DWI-positive transient ischemic attack patients are at higher risk of recurrent stroke. 2 In addition, other MRI sequences such as fluid-attenuated inversion recovery can be used to identify leukoaraiosis as indicator of small vessel disease, that are associated with increased risk of stroke. 3 Only few MRI studies have been performed in patients with retinal ischemia, [4] [5] [6] and there is no study of presence and severity leukoaraiosis in these patients. We aimed to characterize the stroke risk profile of patients with retinal ischemia by a comprehensive diagnostic work-up, including the evaluation of MRI-based surrogate markers of stroke risk (ie, silent brain infarctions and leukoaraiosis).
Methods

RETIS (Frequency of Acute Silent Brain Infarction and Systematic
Evaluation of Stroke Risk in Retinal Ischemia) was a prospective, observational single-center study. Inclusion criteria were (1) acute unilateral ischemia of the retina, that is, either transient or persistent retinal artery occlusion confirmed by ophthalmologic examination or history and (2) brain MRI performed. Amaurosis fugax was defined as acute, painless monocular visual loss with improvement of visual acuity within 24 hours. 1 Central retinal artery occlusion or branch retinal artery occlusion was defined as acute, painless persistent visual loss with evidence of foveal edema, presence of a cherry-red spot in the macula, and evidence of a retinal vascular occlusion in fundoscopy or delayed contrast filling of the retinal vessels in the fluorescein angiography. 7 Exclusion criteria comprised other ophthalmological disease as cause of symptoms, presence of neurological deficits indicating acute or chronic cerebral ischemia, and contraindications against MRI. The study proposal was approved by the Ethics Committee of the Hamburg Chamber of Physicians (No. PV4108).
Clinical Examination and Evaluation Of Stroke Cause and Risk Factors
Detailed description of clinical evaluation and MRI analysis is given in Methods in the online-only Data Supplement. In brief, all patients received comprehensive neurological and ophthalmological examination and diagnostic work-up for stroke cause, including continuous ECG monitoring for at least 24 hours at the stroke unit, transthoracic echocardiography, and neurosonography of the extracranial and intracranial arteries. Stenoses of the ICA were classified according to the grading of the NASCET (North American Symptomatic Carotid Endarterectomy Trials). 8 Cause of retinal ischemia was determined in accordance with the Causative Classification of Stroke.
9
Brain MRI Acquisition and Analysis
Acute SBI were assessed on DWI. Presence and extent of leukoaraiosis was determined on fluid-attenuated inversion recovery images. The adapted scale of Fazekas et al 10 was used to quantify leukoaraiosis based on visual judgment. Severe leukoaraiosis was defined as a score >1 in any of the 2 subscales. 11 In addition, white matter lesions were segmented with a volume-based semiautomatic method.
Statistical Analysis
Group comparison was performed using Student t test or χ 2 test, as appropriate. Binary logistic regression analysis was performed to identify predictors of acute silent brain infarcts. Statistical analysis was performed with the SPSS 21 software package (SPSS Inc, Chicago, IL).
Results
Of 153 patients with acute onset of monocular vision loss screened, 41 patients were excluded. Thus, 112 patients were included in the study. Central artery occlusion was present in n=69 (61.4%), n=8 (7.1%) had branch retinal artery occlusion, 
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and n=35 (31.6%) presented with amaurosis fugax. for clinical parameters and imaging findings are shown in Table. Acute SBI were found on DWI in 17 (15%) patients (Figure 1 ). In the majority of cases, DWI lesions were located in the territory of the middle cerebral artery ipsilateral to the affected eye (n=12, 70.6%), whereas in 5 patients (29.4%), DWI lesions were located in the posterior circulation.
ICA stenosis ≥50% ipsilateral to retinal ischemia was found in 19 patients (17.0%), and in three patients (2.7%), ICA occlusion was detected. Ipsilateral ICA stenosis was more frequently observed in patients with silent DWI lesion than in those without (35.3% versus 13.7%; P=0.029).
Color-coded overlays of white matter lesion distribution of all patients are shown in Figure 2 . Severe leukoaraiosis was observed in n=29 patients (25.9%). Patients with and without acute SBI were comparable with regards to white matter lesion volume and the rate of severe leukoaraiosis. Patients with and without acute SBI were comparable with regards to vascular risk factors.
Concerning cause, retinal ischemia was considered to result from large artery atherosclerosis in 35 patients (31.3%), whereas cardioembolic origin was identified in 27 patients (24.1%). In 50 patients (44.6%), no definite cause could be determined. Distribution of cause was different for patients with and without acute SBI, with large artery atherosclerosis being more frequent in patients with acute SBI (52.9% versus 27.4%; P=0.026).
Binary logistic regression analysis identified ICA stenosis as the only predictor of the occurrence of silent brain infarction in patients with retinal ischemia (odds ratio, 4.27; 95% confidence interval, 1.06-17.23; Table I in the online-only Data Supplement).
Discussion
In this prospective observational study, we found acute silent brain infarctions in 15%, that is, about 1 in 7 patients with retinal ischemia. This largely corresponds with observations of previous retrospective analyses that also reported acute DWI lesions in a relevant proportion of patients with retinal ischemia. [4] [5] [6] The second main finding from our study was the high rate of symptomatic ICA stenosis in patients with isolated retinal ischemia. More than 1 in 6 patients enrolled in our study had a >50% stenosis according to NASCET criteria. In patients with silent DWI lesions, even every third patient (35%) had symptomatic ICA stenosis. By this, in line with previous findings, 4, 6 our results suggest that large artery atherosclerosis with carotid artery stenosis plays a major role in the pathogenesis of acute retinal ischemia.
The rate of symptomatic ICA stenosis in our patients with retinal ischemia seems remarkably high when compared with the rate of ICA stenosis in ischemic stroke populations, for example, 7.4% in a prospective cohort of German stroke patients. 12 In contrast, atrial fibrillation was found less frequently than in cohorts of ischemic stroke patients, where rates of atrial fibrillation of 20% to 25% are common. 13 We observed atrial fibrillation in only 13% of our patients, which is in the range of cardioembolic cause or atrial fibrillation reported in previous studies of retinal ischemia. 4, 6 We cannot rule out that the true rate of atrial fibrillation in our population is higher, as our diagnostic work-up may have failed to detect paroxysmal atrial fibrillation in a certain number of patients. On the other hand, differences as to the frequency of underlying causes of ischemia may also result from the fact that with regards to the affected vascular territory, retinal ischemia represents a small and rather homogeneous subset of anterior circulation stroke, whereas, in contrast, stroke populations combine much more heterogeneous patients resulting from pathologies affecting a larger group of brain vessels, including the vertebrobasilar circulation, large intracranial arteries, and small vessels of the brain.
Microangiopathic acute retinal artery occlusion is not considered a relevant pathophysiological mechanism except for retinal ischemia in Susac syndrome, and there was no group difference between patients with and without acute SBI concerning the presence of leukoaraiosis in our sample. Nevertheless, we identified severe leukoaraiosis in 26% of patients with retinal ischemia which is close to the 30% proportion of patients with severe leukoaraiosis assessed using the same approach in a multicenter cohort study of acute ischemic stroke patients. 11 This indicates a significant overlap of large artery atherosclerosis and small vessel disease because it was also observed for ischemic stroke patients. 14 Taken together, our results indicate that both macroangiopathic and microangiopathic changes must be taken into consideration when evaluating the overall cerebrovascular risk of patients with retinal artery occlusion. Given the high rate of large and small vessel pathology, patients with acute transient or persistent retinal ischemia have to be considered at high risk for recurrent ischemic events, and emergency diagnosis and treatment of these patients should be performed as in acute ischemic stroke patients. 
